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There is growing interest andneedwithin AT&T to accelerate use of
object-oriented technology inapplication development. The promise ofthis
technology is for smaller, more maintainable, andmore easily extensible
software products thancanbe produced with traditional approaches. How­
ever, the technology requires that software developers view the world and
approach problems in a fundamentally different way. In this article, we dis­
cuss object-oriented design and object-oriented programming andtheir
potential benefits. We also describe the status ofobject-oriented technology
within AT&T and share experiences ofsome customers we have worked
with and supported during the last five years.

Object-Griented Design and Programming
Object-oriented design,according to

Booch.' is the process ofdecomposing a
problem intoparts that represent classesor
objectsfromthe problemdomain. Object­
orienteddesignviews a problemand solution
as a collection ofobjectsthat cooperate to
achieve some functionality. It is muchlike
organizing a set ofpeople, withtheir own indi­
vidual knowledge, talentsand responsibilities,
to performa task. Languages that support
object-oriented programming, such as C++,
support these classes and collaborations.

Object-oriented programming and
lowlevel object-oriented designare so inter­
twined that it is nearlyimpossible to draw
sharp distinctions between them. Object­
orientedprogramming refers to the language­
dependentportion ofobject-oriented design
where the effective use ofa particular lan­
guage mechanism is important. In our experi­
ence, the end productsofa successful design
process are well-defined C++ classes that
include objectsspecific to the problem
domain and the design. In this article, when
we say object-oriented design, we mean
object-oriented designand programming.

Object-Griented Technology in AT&T
Atthe core ofthe object-oriented

movement within AT&T is the C++ lan­
guage.e It is based on workbegun at AT&T

Bell Laboratories in the early 1980's by Bjarne
Stroustrup, whodeveloped an extension of
the C programming language called "Cwith
Classes." Renamed C++3 in 1983, the lan­
guage has openeda pathway formigration
from C-based programming techniquesto
object-oriented designand development.4

C++, nowin its third year ofbecoming an ANSI
standardized process,has become a stable,
full-scale production language." Environ­
ments supporting object-oriented develop­
mentare constantly improving and being
ported to increasingly diverse platforms.

Object-oriented technology has its
share ofemerging, though immature, meth­
ods and toolsfor analysis and design.
Design toolssupporting responsibility­
driven design methods, such as those of
Booch, Wirfs-Brock,6 or preliminary design
activities, such as Class, Responsibility, Col­
laborator (CRC) cards," are now emerging.
SomeCASE vendorsare migrating their
structured analysis and designtoolsto data­
driven methods, such as Schlaerand Mel­
lor." However, sincethere is insufficient
information available from real project expe­
riences to validate the claims aboutmanyof
the toolsand methods, wewill not present
anyspecific evaluations but insteadfocus on
the benefitsofobject-oriented designas
seen inAT&T and discussspecific project
experiencesrelating to these benefits.
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While onlya few projects are citedspecifically,
our comments are based not onlyon our ownpersonal
experience ofdeveloping the language, standardcompo­
nent libraries, and toolsbut alsoon our extensive inter­
naland external customerbase developed duringthe
past five years.Wehavemaintained closerelationships
withprojects, continuously increasing our understanding
ofthe process, benefits, trends, pitfalls, and supporting
technologies.

Benefits of Object-Griented Design
Object-oriented designdecomposes a system

intoentities, called objects, each ofwhich capturesits
own information and behavesin a certainway. Each
objectknows howto play its role in the operation ofthe
system. Objects with similar information and behavior
are groupedintoclasses; thus, an objectis an instance
ofa class. Object-oriented designhas important benefits
overalgorithmic, or procedural, approaches. The object­
orientedview:
- is better at organizing inherently complex software

systems,
- reducesdevelopment effort through reuse,
- yields systemsthat are more resilientto change,
- yields systemsthat are better able to evolve.

Wewill take a closelookat each benefit, provid­
ingexamples from actual experience. Codeexamples,
while from realprojects and reflecting real code,are
sometimes presented in a slightly alteredformto protect
proprietary information.

Better Organization of Inherent Complexity. Today's
software systemsaddress problems that are difficult and
complex. Suchapplications are usually too complex forany
singleindividual to comprehend. While no technology will
makethese difficult problems easy to solve, the object­
oriented approach can makethem more manageable.

Single vocabulary. Object-oriented designallows
software developers to more directly model the problem
domain by usingobjects and classesas the basisfora
singlevocabulary throughoutthe software process. The
classesin the domain are the same as those in the design
and the implementation. This makes the solution more
intuitively comprehensible, and is a huge step toward
managing complexity. For example, one project team
builtan environment foranalog circuitsimulation, where
C++ wasalsoused as the hardware description language.
Class namesin this environment include Circuit,
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Ideal/sink, CurrentMirror, Node, andDevice. Project
membersclaim that usingobject-oriented design and
C++ permitted them to easily describe circuits as they
understood them, usingC++ classes, and provided lan­
guangesupportfor these classes.

Higher level of abstraction. The object-oriented
approach manages complexity by abstracting knowledge
and encapsulating it within the objects ofthe design.
Encapsulation meansthat dataand operations upon that
dataare grouped intosingleobjects. Atechnique called
information hiding allows someofthese dataand opera­
tionsto be private to the object, meaning no other object
canaccessthem or need know anything aboutthem.
Only the public side ofan object needbe known to under­
standwhatthe systemdoes.The abstraction or chunking
quality that objects provide increasesthe overall compre­
hensibility ofa a system.

For example, a library ofC++ OPEN LOOI(® Wid­
gets hides the details ofXand OPEN LOOK within C++
classes. (OPEN LOOK is a registeredtrademarkofUNIX
Systems Laboratories, Inc.) The following example illus­
trates a pop-up window that displays a question and asks
fora yes or no response. It then causesan action to take
place based on the replyit receives. To use and under­
stand this class, a programmer need understand only
the public interface:
class YesNoPopup {
public:

YesNoPopup(const char* message,
yesAction, nosction);

void getYesNo();
void doYes();
void doNo();

private:
II X and OPEN LOOK details
}

Reuse Reduces Development Effort. Reusing
classesthat havebeen written, tested and maintained by
others cuts development, testingand maintenance time.
Reuse oflocally constructed classesintended fora partic­
ularproject or family ofprojects alsoprovides enormous
savings. Projectteamshaverealized codeproduction sav­
ings amounting to 30to 50percentofthe totallinesof
codethrough internal and/or class library reuse.

Many projects havetakenadvantage ofthe class
libraries distributed with cfront within AT&T and now



sold externally as the USL C++ Standard Components by
UNIX Systems Laboratories Inc.One such project pro­
duceda computer-aided designtoolfordesigning assem­
bliesofmechanical parts that tookadvantage ofgeneral
purpose Lists, Maps, Strings, Graphs, Bits, Objection,
Blocks and Pool classes.Project membersestimatethat
reusingthese libraries saved 12to 18staff-months that
would havebeen needed to develop similar but less
widely reusableclasses. They alsoclaim that these librar­
ieshelpedincreasethe overall quality oftheir product.

General purposeclass libraries such as Strings,
Lists and Maps represent the initial effortat understand­
ingand generatingreusableclass libraries. The lessons
learned from the production ofgeneralpurposelibraries
are nowbeingapplied to the development ofmore
specific application domain classlibraries and to the con­
struction offrameworks.

More Extensible and Maintainable Systems. Main­
tenance, including productenhancements and repairs,
traditionally commands about 65% ofthe cost ofany
productlife-cycle. Improving the ease ofsuch a
significant portion ofthe productdevelopment offers
obvious advantages.

Changing systems. Local control, encapsulation,
and information hidingmakesystemsmore resilient to
change. Byhelping limit the numberofpotential interac­
tionsofdifferent parts of the software, they ensure that
changesto the implementation ofa classcan be made
with little impact on the rest ofthe system. For example,
bug fixes are more localized and will not haveunin­
tendedeffects in other parts of the system. Oneproject
team, which wrotea secondversion ofa C-based net­
worksupportsystemfor trackingmaintenance informa­
tionin C++, reportedthat the numberofdifferent code
changesneeded to respondto a singlereportedbug
decreaseddramatically with their C++ implementation.

Anotherbenefit ofencapsulation and information
hiding is that whole subsystemscan be moved in and out
ofan application without affecting the rest of the system.
Acommon approach in object-oriented development
applications that use relational databasemanagement
systems (DBMS) is to encapsulate calls to the database
in interface classes. This will allow relatively easymigra­
tionto a different DBMS shouldthis becomea customer
requirementduringthe initial development cycle or in
later phases.For example, the following example shows
a class that encapsulates a database tableconstruction

couldbe part ofa DBMS interface:
class DBTable {
II The member functions are all implemented
II using the mechanisms of a particular
II database management system.
public:

DBTable(); II constructor
void insert(); II insert data
void remove(); II delete data
void update(); II change data
void alter(); II modify structure of table)

Because ofperformance problems, a fairly large
operations systemproject needed to changeits underly­
ing DBMS midway through development. About four
weekswasspent rewriting the implementation ofthe
interface classessuch as the example above. Virtually no
timewasspent altering anyother part ofthe system
becauseno other part needed to understand this internal
implementation changeprotected by encapsulation.

Extending the system. Asubclass/superclass rela­
tionship between classesexistswhenone 'is a kindof'
the other. For example, an object-oriented workmanage­
ment systempresently under construction has classes
Workltem, RepairWorkltem and InstallWorkltem. Since
RepairWorkItem and InstallWorkItem 'are kindsof'
WorkItem, they are subclasses ofit. RepairWorkItem
and InstallWorkIteminheritstate andbehavior from
WorkItem, their superclass.

The property ofobject-oriented designthat
allows foreasyextensibility is sometimes called polymor­
phism. Polymorphism is the notion that anyrequest sent
to a superclass objectcan be automatically carried outby
anyobject ofone ofits subclasses. Objects ofthe sub­
classwill respond to that request in a way appropriate for
that object. For example, a 'close'message canbe sent to
anyobject that is a kindofWorkItem and that object will
closeitselfcorrectly.

Polymorphism allows the developer to extend
the set ofclassesin a systemsimply by adding a
definition ofa newsubclass. For example, a newkindof
WorkItem called MaintainenceWorkItem canbe used in
the workmanagement systemsimply by defining such a
class. Then, allrequests handled byWorkItems will be
handled appropriately by MaintainenceWorkItem objects
with no change to the rest of the system.
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Figure 1. This exam­
ple of a Device class

hierarchy shows how
new devices can be
built by creating sub­
classes of existing

devices and defining
the physical law of
the new device.

Aneffective use ofpolymorphism wasmadeby a
projectthat builtthe environment for analogcircuitsimu­
lation. Anticipating the need for different kinds ofprimi­
tivedevices as parts ofcircuits, they constructeda Device
interface class to specify the common features ofdevices
such as scaleand temperature. Classessuch as
TwoTermDevice, ThreeTermDevice and FourTermDevice
provide featurescommon to devices withtwo, three, and
fourterminals and are implemented as subclassesof
Device. Primitive devices are implemented as further
specializations in the Device class hierarchyas shownin
Figure 1.New devices, even user-defined ones, can be
builtby creatingsubclassesofexistingdevices and
defining the physical lawofthe device in the "eval" oper­
ation. Noother change in the simulation code is neces­
sary.

OPEN LOOK Widget Ubrary Example
Now we will take a closer lookat the OPEN LOOK

Widgets example referred to in the previous section.
This example will illustrate the benefitsofobject­
orienteddesignand programming. The classdesigns
presented here are froma class libraryoriginally devel­
opedto meet specific projectneeds. It wassubsequently
used by severalrelatedprojects. This libraryof C++
classeswasconstructedto encapsulate and "objectize"
the OPEN LOOK Widgets to fit them into the object-
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orientedparadigm more seamlessly. There are about
fifty classesand fifteen thousandlinesofcode.

This library'sauthorwasworking on a C pro­
grammingenvironment fordeveloping, browsing, and
maintaining C programcode. Basedon his experience
and working relationships with other productdevelop­
ers, he anticipated a further use for such a library. So he
spent time designing, developing, and testinga generic
library, whichfreed other projects fromthe tediumof
having to programuser interfaces.

New users can benefitfromreuse by deriving new
classesfromthe librarybase classes.The use ofvirtual
functions allows for easyextension through polymor­
phism. New C++ Widgetclassescan be created by pro­
grammersby combining existing widgets to create useful
composite widgets. For example, a Caption anda TextEn­
try widgets werecombined to create a LabeliedTextEntry.

Ifwelookat part ofthe Widget inheritance tree
shown in Figure2,we see form, text field, menuand
popup widgetleafclasses.All ofthese classesare the
result ofseverallayersof inheritance.

This class libraryis currentlyused by many
relatedprojects. These productsfocus on toolconstruc­
tion; and this libraryhelps to implement toolswiththe
same "lookand feel". The libraryhas significantly reduced
the complexity ofprogramming in X-Windows since C++
programmersonlyneed to understandthe public behavior



Figure 2. Reusing a
class library, such as
a Widget library, pro­
vides a common
"look and feel," and
reduces programming
complexity. Encapsu­
lation and Information
hiding of the underly­
Ing set protects applI­
cation code during
revisions.

CCShellWidget

CCWMShellWidget

CCVendorShellWidget

CCWidget

CCTopLevelShellWidget

CCApplicationShellWidget

ofthe c++ classwidgets. Byencapsulating and hiding
the details ofthe underlying widgetset, application code
is protected from the not infrequent changes madeto the
OPEN LOOK Widgets. This libraryactually forms a frame­
workofclasseswhichcan be fleshed out to form a user
interface fora particular application.

The example in Figure3 showsclassesfrom
the Widgets library beingreused and extendedwith
newmemberfunctions which dealwithclassnames,
responsibilities and collaborations.

Migrating to Object-onented DesIgn and C++
There are manyways a project can migrate to

object-oriented technology. All involve somelevel of
training, learning by experience, and inputfrom
experts. The amountofeach ofthese variesbased on

the project goalwith respect to speedofmigration. Two
modesofmigration havebeen the mostpopular within
AT&T: they are generally referredto as the seeding and
sandbox approaches.

Seeding is preferred when projects need to initi­
ate their object-oriented newproductdevelopment very
quickly. This strategyreliesheavily on importing exper­
tise.Expertsare recruited either as consultants or regu­
lar staff. While leading the object-oriented design activi­
ties, these expertsalsoworkat bringing other project
membersup to speed.Training and learning-through­
experience is still important but the focus on speed
demandsimported expertise.

A moregradualapproach, used by projects who
canafford the time, is the sandbox or learning-through­
experience approach. After someinitial training, staff
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Figure 3. Classes
from a library, such as
a Widget library, can
be reused and
extended with new
functionality.
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membersspendtimeexploring object-oriented concepts
and CH, relying on the experts to review their work
prior to moving intoproduction development. This
approach wastypically used by earlyobject-oriented CH
projects whenseedingwasnot an option becausethe
expertswereengagedin evolving the language and con­
structingthe Standard Component libraries.

Whichever approach is taken, object-oriented
designrequiresa fundamentally different way oflooking
at a problem. Because ofthis, the success ofmigration to
object-oriented technology is highly dependenton the
degree to which people intuitively grasp the underlying
ideaof the object-oriented approach. Obtaining this gut­
level understanding is a necessary first step in the migra­
tionto object-oriented technology, withtoolsand meth­
ods simply supporting the workdoneonce the transition
is made.

CRC cards havebeen proven to be an excellent
aidin helping projects makethe transition to object­
orientedtechnology--l-? as well as fordeveloping a high
level systemdesign. The CRC designprocesshelps to
identify the classesof the systemand the subsystems
these classes mayform, It alsohelps to model the class
relationships based on the responsibilities ofeach class
and their needs to collaborate or workwith one another.

Conclusion
In the future, we expectto see moreAT&T pro­

jects start in or migrate to object-oriented technology
and CH. Wealsoexpectto see construction ofapplica­
tiondomain libraries and the evolution ofapplication
frameworks.

In closing, wewould liketo leave the reader with
two key ideas:
- It has been our experience overthe last five years that

the benefits more than justify the investment in

32 AT&TTECHNICALJOURNAL. NOVEMBER/DECEMBER 1992

migrating to object-oriented design and programming,
despitethe relative immaturity ofmany aspectsofthe
technology.

- It is essential for staff and managers to develop an
intuitive grasp ofobject-oriented design in order to
successfully makethe paradigm shift.
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